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BY C. J. BOND: 

IN 1906 I published some observations on the result of unilateral 
oophorectomy in Rabbits (see " Inqui ry  into some points in uterine 
and ovarian physiology and pathology in Rabbits," B. M. J., July 21st, 
1906). In this communication it was shown, among other results, that  
the removal of one ovary in the female Rabbit is followed by a com- 
pensatory overgrowth in the remaining ovary, and further that this 
hypertrophy affects both the Graafian follicles or ova-bearing cells and 
the internal secretion-forming cells. 

At this point it seemed desirable to ascertain whether the same 
o 

process occurs in the remaining testis after unilateral orchectomy. 
This was found to be the case in Birds but  during this experimental 

investigation 1 some further facts were elucidated which seem to me to 
have some important genetic interest. 

In the first place it was found in both male Fowls and Pigeons 
that when one or both testes were removed intracapsularly, that is to 
say when the testicular substance had been apparently wholly removed 
and the capsule alone left, a regeneration of the secreting tissue of the 
testis and the tubuli seminiferi took place within the capsule so 
evacuated. 

In a certain period of time, varying fi'om six weeks to six months, 
the whole substance of the normal-sized testis may be thus restored. 
Fig. 1 shows the naked-eye view of two testes so regenerated in each 
of two cockerels, in one ease (22 c,) after six months and in another 
(20 e.) after seven months. P1. IV, fig. 2 shows a transverse section of 

1 The actual operations connected with thls  investigation were ldndly performed for 
me by Sir V. HorsleY , F,I%.S., at Unlversl ty College, London. 
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one of these testes so regenerated Under a low magnification, 3 "  obj. 
P1. IV, fig. 3 shows a portion of the same section under a higher magni- 
fication, �88 obj. In some sections the regenerated tubuli seminiferi are 
seen to be filled with spermatozoa as in the normal gland. 

Fig. 1. Regeneration of the Testes after Subcapsular 
Castration in Fowls. {From Photo.) 

Thus i~t is clear that a real regeneration of sperm-bearing testieular 
tissue occurs after subeapsular orcheetomy and this regeneration must 
take place either from the capsule, or more probably from microscopic 
fragments of secreting tissue which are left adhering to the capsule at  
the time of the operation. 

Such evidence as exists goes to show that regeneration of testieular 
substance within the capsule after removal does not occur, at any rate 
to any appreciable extent in the case of some mammals. This is a 
matter of some importance. The domestic f0wl has undergone a 
process of artificial selection in regard to the egg-laying capacity of 
the female sex gland, and probably also in regard to the sperm-forming 
capacity of the male sex gland, hence it is of interest to find that the 
testis of the domestic fowl has great powers of structural and functional 

regeneration after partial removal, greater apparently than exists in 
mammals. 
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Fig. 2. Transverse Section of Testis of Fowl after ]legeneration. 3" obj. 

Fig. 3. Transverse Secgion of l~egener~ged Te~gis of Fowl. ;1:" obj. 
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Fig. ,i. Cock, Wyandotte Type, and Hen, Brown Leghorn 
Type. Father and IVIother of Cockerel 7. 

Fig. 5~. Cockerel 7, attd daughter 
after Caatrt~tion. 

Fig. 5. Cockerel 7, and Sister Hen (mated) and 
daughter before Castration. 

Fig. 10. Shows regenerated ovary in Hen, 1 year 
and 9 months after destruction by Cautery. 

x l~egenerated ovary. 
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Having  ascertained that  reformation of'gamete-bearing tissue does 
occur after removal in the male Fowl it became a mat ter  of genetic 
interest to ascertain whether the gametes  which are formed in this 
regenerated tissue resemble, in their  hereditary characters, the gametes 
which are formed by the original g l and  before removal. I will now 
describe some experiments on Fowls and Pigeons which bear on this 
point. 

E,~Teriment 1. 

A Hybrid  Silver Wyandotte  and Brown Leghorn Cockerel (Cockerel 
nmnber  7) was bred of the tbllowing Genetic composition : 

Brown Leghorn  x Silver Wyandotte  

I 

t 1 
All resemble Wyandotte Mother All resemble Brown Leghorn Father 

I i 
Cock, Wyandotte Type x 3 Pullets, Brown Leghorn Type 

P1. V, fig. 4. 

f- ! 
I i 

l 8 Wyandotte Type 7 Wyandotte Type 
r 7 Brown Leghorn Type 7 Brown Leghorn Type~ 

P1. V, fig. 5. 

Cockerel 7 "x 3 Pullets 
Brown Leghorn Type J Brown Leghorn Type 

[- ] 
T i 

7~  6~ 
All Brown Leghorn Type All Brown Leghorn Type 

PI. V, fig. 5 (a). 

Cockerel 7 x Same Hens 

Subsapsularoct. 19080rchest~ I 
I 

[ . . . .  1 
All Brown Leghorn Type 

Thus Cockerel 7 produced chickens of the same Brown Leghorn 
Type  before and after regeneration of the testis, when mated  with 
the same hens. 

Fig. 6 (p. 134) shows a photo of the regenerated testes, life size, when 
the bird was killed in June  1910. 
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Fig. 7 shows the normal l~es~es of a cockerel aged ~wo years, life size, 
fbr comparison. 

Fig. 6. Photo, Life Size. 1regenerated Testes 1 year and 9 months  after 
Subeapsular  Castration. Cockerel 7. 

Fig. 7. Photo, Life Size. Normal Testes, Cock, aged 2 years 
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I~EGENEI~ATION OF TESTES IN PIGEONS. 

J~peri~ent 2. 

A Blue Cheequer Fantail 
composition : 

was bred of the following Gene6ie 

Blue 0hecquer Black and White 
I 

Bl~ck 

,r ? 
Black Fantail x White Fantail 

J [ 
I i 

Black and White F~ntail x Black and White Fantail 

1 

o ~ ? 
Blue Checquer x Blue Cheequer 

. . . .  j [ . . . .  

, 1 
Dec. 1906 to July 1908 

I 
12 Blue Ohecquers 

White 

Blue Checquer x Same Hen 

Subcapsula'roct. 19080rchect~ 

t . . . . .  1 
Dee. 1908 to July 1910 

I 
17 Blue Oheequers (4 with feathered tarsi and toss) 

The offspring of this Blue Cheequer Cock af~gr regeneration of 
the testes are identical in plumage with offspring hatched before 
sube@sular oreheetomy. 

One point should be no~ed~ Among the young hatched before 
castration none showed any feathers on the toes, whereas out of the 
17 hatched after regeneration of the testes four showed signs of 
feathered tarsi. 

Fig. 8 (1) (p. 186) shows ~ahe regenerated testes (life size) of the Bl~w 
Checquer Cock one year and seven months after castration. 

Fig. 8 (2) shows photo Of normal testes (life size) of a White Fantail 
for comparison. 

Fig. 9 (1) shows photo of the testes (atrophied), life size, removed 
fl'om a White FanLail aged nine years which had been sterile 
18 months. 

Fig. 9 (2) shows t, he normal testes of a FanLail three years old of 
the same size. 
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Fig. 8. (1) Shows Regenerated Testes. Life 
size of Blue Cheequer Cock. 

(2) Shows Normal Testes of Fantail. Same 
size and age for comparison. 

Fig. 9. (1) Shows Photo Life size of Atrophied 
Testes removed from Fantail  Cock, s.ge 9 years, 
Sterile 18 months. 

(2) Shows Normal Testes of Fantail, same 
size 3 years old. 
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Experiment 3. 

A Hybrid Tumbler Fantail Pigeon was bred of the following Genetic 
composition : 

~r White  Fantai l  x ? Black Tumbler  

l _ _  

Black and Whlto x Brown, Bhm and Whi te  
do. g do. ? 

[ - - 1  [ ' [ 
Brown Black Black i~nd White  x Brown, Blue and Whi~e 

do. d' do. ? 

I 

1 
White  

; ~ i t e  
I , T I - -  

Blue Almond Blue and Almond and Black and Brown, Blne 
White  Whi te  White  and White  

I I 
Blue  and Whi te  x A lmond  and Whi t e  

I 
6 Blue and White 3 Blues 1 W~ite (N.B. 

Blue  and Whi te  x Same Hen  

Subeapsular Oreheetomy, 
Sept. 17, 1908 

f 

2 died soon after 
h~tohing) 

Blue 11 Blue and Whi te9  Almond 2 Almond nd Whi te  5 White  7 

N.B. Three died soon Mter hatching.  

From the above table we see that  the Blue and White Cock mated 
with an Almond and White sister produced, before castration, 10 young 
pigeons of which number one only was white. After castration and 
regeneration of the testes the same pair produced 34, young pigeons of 
which seven were white. 

I t  is interesting to notice that in the smaller number of young 
hatched before castration, the proportion of Recessive Whi te  to the 
rest was 1 in 10, while after castration and regeneration of the testes 
the proportion of Recessive White to the rest (in the larger numbers) 
was nearly 1 in 5. 

Although in the case of the fowl the male contribution to the 
zygotes hatched before and after regeneration of the testes were alike 
in character, as judged by the appearance of the chickens, this result 
may have been due to the fact that  only one kind of gametes was being 
fbrmed by the testes of the particular bird operated on, and so the 
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renewed growth of the testes after ~:emoval in this bird only led to the 
reproduction of the original kind of gametes. 

CONGLUSIONS. 

Such are the facts brought out by this investigation. Such as they 
are, they seen] to indicate that  the cell divisions of the mother sperm- 
cells which provide the new spermatozoa formed during regeneration 
of the testis do not take place in exacjtly the same order, or are not 
exactly of the same kind, as those which form the sperm-cells before 
removal of the sex gland. 

Thus in Experiment 2 among the 17 young pigeons hatched aider 
castration of the male parent, four showed feathers on the tarsi and 
toes, while among the 12 hatched befbre castration none were so 
marked: 

Again in Experiment 3 (as has already been stated) the proportion 
of Recessive Whites rose from 1 in 10 before, to 1 in 5 after castration 
of the male parent. 

I t  is true that in Experiment 1 chickens hatched from eggs fertilized 
by Cockerel 7 when mated with three hens (sisters to cockerel) resemble 
the chickens hatched froln eggs by the same hens fertilized after the 
testes had been regenerated. But the question of the genetic composi- 
tion of this bird must be considered.  I f  the bird was homozygous in 
respect of this character of colour, that is to say if only one kind of 
gametes were being produced before castration, then there is no reason 
to think that the increased production of spermatozoa set going, during 
regeneration of the testis after subcapsular orchectolny, would result in 
the production of gametes of a different kind. 

The suggestion is, that  in a sex gland where gametes of different 
factorial composition are being produced the temporarily arrested and 
the subsequently increased cell division due to the stimulus of removal 
o f  the organ vao.uld be likely to result in a different rate, or order of 
production o f  the different kinds of gametes which are being formed 
in that  particular male organ. This can of course only be judged of by 
a comparison of the zygotes Which are hatched from eggs fertilized 
by these male gametes before and after this stimulus of removal 
has been applied. 

For  this reason it seems desirable to simplify tim conditions of the 
experiment and to remove the male organs in fowls which are known 
to be producing gametes of two kinds only. Fur ther  experiments 
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should also be undergaken showing ghe effect of partial removal of 
the ovary in heterozygous hens, in order ~hat the influence of re- 
generation may be ~es~ed in the case of female as well as male 
gamete-forming organs. There is, I ghink, no doubt from experimental 
evidence tha~ the ovary in the Fowl does undergo regeneration after 
partial desgrucgion o1' removal. 

Thus ~he ovary was destroyed by ~he actual cautery in a hen 
aged I year as far as could be seen wi~h ~he naked eye wholly. On 
examination 1 year and 9 months after the operation the ovary was 
found to be fully regenerated ~md functionally active, a number of eggs 
having been laid, see P1. V, fig. 10. 

I f  these results are confirmed, that is to say, if i~ can be shown ~ha~ 
the effect of the stimulus ~o renewed growth which follows castration, 
is ~o alter the character of, ol, the pi'opor~ionate ra~e of cell division in, 
~he cells which produce the male gametes then it will be necessa13r 
~o s~udy these changes in cell division in detail, because it is possible 
that certain results in breeding which seem to be inconsistent with 
Mendelian expectation may owe their apparent anomaly ~o some change 
in the rate of reproduction of gametes of differen~ kinds in tha~ particular 
sex gland. 

For instance, the normal relative proportion of male to female 
chickens hatched at different times of the year varies, and this fact 
suggests a seasonal difference in the relative production of male and 
female zygote-forming sperm-cells. 

[The explanation of Plates IV and V is to be found on the plates 
themselves.] 


